The modelling of breakthrough curves obtained in the adsorption of propene as a model compound onto different inorganic solids is described. All the runs were performed in a fixed bed at atmospheric pressure, employing a process temperature of 30 ºC and propene concentrations in the range 0.0022-0.0222 mol/Nm 3 . The experimental conditions were therefore similar to those observed in the initial flue gases of cold start engines. The work described was mainly focused on the study of the influence of the adsorbent characteristics (composition, porous structure and surface area) on the kinetics of the adsorption process. The equilibrium adsorption values were initially determined from the breakthrough curves and satisfactorily fitted by the Langmuir isotherm model. These values were then used together with experimental breakthrough curves to analyse the kinetic expressions obtained applying the Linear Driving Force (LDF) model to the dynamic adsorption process. Values of the masstransfer coefficient, surface and effective diffusion coefficients of propene have been calculated and are reported.
INTRODUCTION
Present-day society has experienced a growth in economic activity associated with an increase in demand for resources and their transformation and transportation. As a result of this demand, the associated residues and emissions generated by this activity have also increased. These emissions comprise a wide family of pollutants, ranging from chemicals to noise in the gas, liquid or solid phases. Of these, atmospheric emissions are produced by natural sources such as volcanoes or forest fires and by mankind mainly from processes involving power generation for transport and industry. On-road transport has been identified as the sector contributing the most to atmospheric warming now and in the near future (Unger et al. 2010) . For this reason, the reduction of transport emissions has become an important objective in different legislations. In the European framework, limits are imposed by the Euro 5 and Euro 6 regulations, where a special limit can be found for CO and hydrocarbons (HCs) during the cold start process. This first part of the regular cycle of an engine has been treated separately because of its singular characteristics, viz. the exhaust gas temperature increases from ambient to 300 ºC or even higher during this cycle. In the case of petrol engines, a three-way catalyst is not capable of abating CO and HCs emissions during this time period and, consequently, a higher concentration of these compounds is emitted. As a consequence, during this time period, up to 80% of the HCs in a drive cycle are emitted (Park et al. 2007 ).
In order to reduce these higher concentrations of CO and HCs during the cold start period, several solutions have been explored: fast light-off catalysts (Wyatt et al. 1985) , since these converters require a lower operation temperature; close-coupled catalysts, viz. stable catalysts at high temperature, which allow the catalytic converter to be mounted closer to the engine (Lu et al. 2010) ; electrically heated catalyst systems (Dornseiffer and Hackfort 2003) with a metal holder which allows quick electrical heating; and trap systems for HCs (Ballinger and Andersen 2003) , incorporating special materials, such as zeolites, into the catalyst or upstream (in front) of the catalyst to capture these emissions before the catalyst attains the proper working temperature (AECC 2010) .
In order to improve the industrial design performance of HCs traps and to fit the best operating conditions, the adsorption process involved in this case needs to be modelled. Numerous models have been published to describe the phenomenon of fixed-bed adsorption (Ruthven 1984; Suzuki 1990; Tien 1994) . Such model equations include the following: conservation equations (in this case only mass conservation applies), kinetic laws at the fluid/solid interface (adsorption equilibrium isotherm), kinetic law of mass transfer, boundary conditions and initial conditions. Several publications on the adsorption modelling of light HCs in zeolites can be found in the literature. Thus, Brosillon et al. (2001) investigated the kinetic performance of zeolites for VOC (n-heptane, n-octane, acetone and methyl ethyl ketone) abatement and observed that the effective diffusivity was constant regardless of the nature and amount of VOC adsorbed. Similarly, Malek and Farooq (1997) studied the kinetic behaviour of small VOC molecules (methane, ethane and propane) in their adsorption onto activated carbon and silica gel, and found that adsorbate transport inside the adsorbent occurred essentially by Knudsen and surface flow. However, none of these authors focused on modelling the adsorption of HCs onto zeolites and the relationship between the kinetic and equilibrium parameters and the structural characteristics of the adsorbent.
In the present work, the Linear Driving Force (LDF) model has been applied to model the adsorption of propene in several microporous inorganic solids in order to obtain an insight into the application of these solids as HCs traps during the cold start of petrol engines.
MATERIALS AND METHODS

Synthesis and characterization of porous inorganic solids
The solids studied were prepared by methods reported previously (Lopez et al. 2010) which included details of the gel composition, crystallization time and temperature. Silicalite-1, ZSM-5, BETA and mordenite zeolites, and SAPO-5 and SAPO-41 silicoaluminophosphate molecular sieves, were characterized by XRD, SEM-EDX, ammonia TPD spectra, nitrogen adsorption isotherms measured at -196 ºC and CO 2 isotherms measured at 0 ºC to obtain their various structures, morphologies, crystal sizes, Si/Al ratios, the nature and amounts of surface acid sites, and textural characterization employing methods which have been described in detail elsewhere (Lopez et al. 2010) .
Fixed-bed reactor experiments
A fixed-bed reactor was used to obtain propene adsorption data over the solid zeolite sample materials using a flame ionization detector (FID). Propene adsorption was undertaken employing different concentrations of propene in the range 0.0022 mol/Nm 3 to 0.022 mol/Nm 3 in a helium atmosphere. Prior to each experiment, a cleaning stage was carried out in which the various traps were heated at 350 ºC for 1 h in a helium atmosphere. Adsorption experiments were conducted at 30 ± 1 ºC with a constant gas flow of 30 Nmᐉ/min. The propene-carrying stream passed through an adsorbent bed consisting of 0.20 g solid (as-received) placed in a reactor with an inner diameter (D i ) of 0.457 cm which produced a spatial velocity of ca. 7000 h -1 depending on the adsorbent characteristics. Gas flows were controlled through the use of mass-flow controllers. The corresponding equilibrium adsorption capacities (W, mol/kg) were calculated by integrating the experimental breakthrough curves for each cycle and applying equation (1) (Murillo et al. 2004 ):
( 1) where Q (Nm 3 /min) is the total inlet flow rate, w (kg) is the weight of material introduced into the reactor, C (mol/Nm 3 ) is the gas inlet concentration, C(t) (mol/Nm 3 ) is the gas outlet concentration at a given time t and t f (min) is the bed saturation time.
THEORY
The mathematical model for the isothermal, dynamic adsorption breakthrough process in a fixed bed is based on transient material balance, gas-phase and intra-particle mass transfer, the adsorption equilibrium relationship, and the boundary and initial conditions. In this model, both the adsorption equilibrium and kinetic aspects are taken into account. The model assumptions are a negligible pressure drop throughout the solid bed, isothermal conditions for low propene concentrations and plug flow. All the main model equations have been listed in previous publications (Wakao and Funazkri 1978; Brosillon et al. 2001; Mastral et al. 2003; Murillo et al. 2004) .
Isotherm fitting was undertaken to study the adsorption equilibrium. The corresponding model parameters were determined by regression analysis of the linear expression for the corresponding model: Langmuir, Freundlich and Dubinin-Radushkevich (DR) (Mastral et al. 2003) . The ability of a given model to describe the propene adsorption process was determined from the correlation coefficient, r 2 , correlation diagram analysis and the residual values. To study the kinetics aspects of the process, fitting of the breakthrough curve was carried out. The flow rate was assumed constant and the effect of axial dispersion was neglected. Thus, the mass balance on a portion of the bed may be written as: (2) where ε is the porosity of the bed, ρ l (kg/m 3 ) is the bed density, W(t) (mol/kg) is the equilibrium adsorption capacity at any time and u (m/s) is the superficial velocity.
As far as the kinetics of the process were concerned, the LDF model was applied to estimate the mass-transfer coefficient:
where k P (s -1 ) is the intra-particle mass-transfer coefficient and W′(t) (mol/kg) is the concentration adsorbed on the surface of the adsorbent at a given time, t.
The mass-transfer coefficient, k P , may be related to the mass-transfer resistance via the equation: (4) where dp (m) is the particle diameter, k f (m/s) is the fluid mass-transfer coefficient, ε p is the particle porosity, D e (m 2 /s) is the effective diffusivity coefficient and K is the equilibrium constant (Murillo et al. 2004 ) as expressed by: (5) where W is the adsorbate concentration in the solid in equilibrium with the gas inlet concentration C (mol/kg) and ρ (kg/m 3 ) is the solid density. The two terms on the right-hand side of equation (4) can be described as the external masstransfer resistance with the fluid-phase mass-transfer coefficient and the intra-particle resistance with the effective diffusivity coefficient. The fluid-phase mass-transfer coefficient, k f , was calculated from the following correlation proposed by Wakao and Funazkri (1978) : (6) where Sh, Sc and Re are the Sherwood, Schimdt and Reynolds numbers, respectively. The magnitude of k f can be obtained directly from the Sherwood number because the other parameters are physical constants or known process values.
The effective diffusivity was determined from equation (4) using the value of k P and may be related to the molecular, Knudsen and surface diffusivities by means of the expression (Tien 1994) : (7) where τ P and τ s are pore and surface tortuosities, respectively, D s (m 2 /s) is the surface diffusivity coefficient and D m (m 2 /s) the molecular diffusivity which may be calculated from the expression (McCabe 1956) : (8) where T (K) is the temperature, M (g/mol) is the molecular weight, P (Pa) is the pressure, and T C (K) and V C (m 3 /mol) are the critical temperature and molar volume, respectively. 
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Finally, the Knudsen diffusivity value, D k (m 2 /s), was calculated from the expression (Suzuki 1990) : (9) where r 0 (m) is the mean pore radius.
RESULTS AND DISCUSSION
Characterization of zeolites and silicoaluminophosphate molecular sieves
The phase purity and crystallinity of the samples prepared in this study were confirmed by X-ray powder diffraction (XRD) studies. The XRD patterns of the different samples closely resembled those reported in the literature for each material (Lopez et al. 2010) . All the SEM images of the crystals of the different types of materials synthesized and reported previously (Lopez et al. 2010) showed typical shapes, with the smallest crystal sizes being associated with BETA, ZSM-5 and silicalite-1. isotherms for nitrogen at -196 ºC and the isotherms for CO 2 at 0 ºC. The data corresponding to nitrogen adsorption onto the mordenite crystals synthesized in the present work have not been included because diffusional problems were found during measurements undertaken on that sample. BETA showed the highest surface area and pore volume in the present study. The surface area for the SAPO-5 sample was similar to that for silicalite-1 and ZSM-5, although in the case of SAPO-5 the micropore volume [V DR (CO 2 )] was narrower and higher than the V DR (N 2 ) volume. Table 1 also contains the Si/Al atomic ratios as estimated by EDX methods. Of the zeolites, silicalite-1 was a pure silicon zeolite while mordenite showed the lowest Si/Al ratio; the silicoaluminophosphates employed all contained aluminium-phosphorus (AlPO) frameworks, with a low degree of Si substitution. As shown in Table 1 , the amount of ammonia desorbed from the prepared solids ranged from 0.12 mmol NH 3 /g (SAPO-41) to 0.45 mmol NH 3 /g (mordenite). Mordenite zeolite appeared to have the highest concentration of acid sites, which is consistent with the high Al content of this zeolite. For the rest of the zeolite samples, the amount of acid sites estimated by ammonia TPD decreased as the Si/Al ratio increased (see Table 1 ). In the case of the silicoaluminophosphate materials, it has been reported in the literature that progressive substitution of silicon in a neutral aluminophosphate provides acidity ranging from weak to strong acid sites (Elangovan et al. 1995) . The amount of NH 3 evolved indicated that the number of acid sites increased in the order SAPO-41 < SAPO-5, which agrees with results published for these materials by other research workers (Hu et al. 2005) .
Equilibrium adsorption capacity Figure 1 shows the experimental propene adsorption isotherms onto the six inorganic adsorbents as obtained at 30 ºC. These adsorption isotherms were constructed from the corresponding breakthrough curves (Murillo et al. 2004) . The experimental equilibrium adsorption capacities were calculated applying equation (1) to the data obtained at different initial propene concentrations. The lines depicted in the figure correspond to the isotherms calculated via the Langmuir model. All the isotherms are close to Type I in the BDDT classification; thus, the initial part of the adsorption isotherm represents micropore filling, while the slope of the plateau at higher concentrations may be related to multilayer adsorption in wider pores. Only silicalite-1 and SAPO-41 showed no plateau over the range of pressures studied. It should also be observed that propene retention onto BETA, which had the widest framework, a high value of S BET and high microporosity, was the greatest for the solids studied, since higher adsorption capacities were displayed at the same propene inlet concentration. The adsorption capacities decreased dramatically for the remaining adsorbents in the order ZSM-5 > mordenite > SAPO-5 > SAPO-41 > silicalite-1. It was also observed that the exchange of Si by Al in the solids improved propene retention, since ZSM-5 exhibited a higher adsorption capacity relative to silicalite-1 despite the values of their textural characteristics being similar. Three different models were applied (Mastral et al. 2003) to fit the experimental results, viz. the Langmuir, Freundlich and DR models. The parameters obtained from the fitting process were used to calculate the model isotherms which are shown plotted against the experimental values in Figure 2 . According to previous published results (Lopez et al. 2010) , all the isotherms obtained could be well fitted by the Langmuir model expressed as: (10) where W L (mol/kg) is the adsorption capacity of the monolayer and K L (m 3 /mol) is the Langmuir constant.
Modelling Breakthrough Curves in Propene Adsorption 767 This model assumes that the adsorption energy for every site is equal, each adsorption site is distinct and well-defined, and each surface site has the ability to adsorb only one atom or molecule (monolayer adsorption) (Mastral et al. 2003 ). The Langmuir model further assumes that the adsorption at one surface site is independent of the presence of the adsorbed species at an adjacent surface site. In the Langmuir adsorption model, W L corresponds to the maximum adsorption capacity in the monolayer while the K L term is a coefficient that characterizes the equilibrium between the adsorbed species and the gaseous phase (Paulse and Cannon 1999) . From the data recorded in Table 2 , it will be seen that the highest value of W L corresponded to BETA zeolite, which accordingly possessed the highest propene adsorption capacity.
Modelling of breakthrough curves
Once the performance of various inorganic solids in propene retention has been demonstrated, the adsorption processes in the fixed bed need to be modelled mathematically so that the influence of the characteristics of the adsorbent on such processes may be studied. Several complex theoretical models have been proposed in the literature (Tien 1994; Brosillon et al. 2001; Malek and Farooq 1997; Delage et al. 2000; Pre et al. 2002; Sircar and Hufton 2000) for simulating breakthrough curves. In this paper, the LDF model [equation (3)] linked to the mass balance in a portion of the bed [equation (2)] and the Langmuir model [equation (9)] have been applied for describing the equilibrium experimental data. The LDF model was chosen because it has physical consistency and also because of its simplicity and accuracy in reproducing the adsorption of organic molecules onto different materials, both organic (Tien 1994 ) and inorganic (Brosillon et al. 2001) .
Experimental breakthrough curves were obtained for the six inorganic materials at different concentrations of propene, ranging from 0.0022 mol/Nm 3 to 0.0222 mol/Nm 3 . Figure 3 shows the breakthrough curves for the six adsorbents at a propene concentration of 0.0112 mol/Nm 3 (points). This figure shows that the higher the value of S BET , the higher the breakthrough time. However, other factors such as the Si/Al ratio were also important, since ZSM-5 exhibited a longer breakthrough time than silicalite-1, despite these materials having the same MFI framework and very close values of S BET . Figure 4 shows the breakthrough curves at four different inlet concentrations of propene studied on ZSM-5 zeolite (points) which demonstrate an increasing breakthrough time for decreasing propene concentration. The breakthrough curves at initial propene concentrations of 0.0045 mol/Nm 3 and 0.0022 mol/Nm 3 exhibited close breakthrough times due to the special regime which follows Henry's law produced at low concentrations. This figure also shows an increase in the slope of the breakthrough curve with increasing propene concentration, which may be related to changes in the kinetic restrictions with increasing adsorbate concentration.
The theoretical simulated curves calculated according to the LDF model using the k P value as an adjustable parameter are also shown in Figures 3 and 4 (as continuous lines) . It will be seen that both the theoretical curves and the experimental data points showed close agreement in most cases. Thus, the model provides a good prediction of the experimental breakthrough curves observed during propene adsorption over all the concentration range studied. The lack of concurrence between the experimental and simulated curves for silicoaluminophosphate solids -mostly at saturation levels higher than 60% -may be explained as being due to a change in the linear relationship between the concentration gradient and diffusion rate, as described by the LDF model.
The k P values obtained by fitting the curves for the mass-transfer coefficient and the values of k f for the external mass-transfer coefficient may be related via equation (4) to obtain the effective diffusivity, D e . All these values were used to calculate the magnitudes of the external and intraparticle mass-transfer resistances, which are listed together with the corresponding coefficients in Table 3 .
Except for the case of silicalite-1, it was found that there was a direct correlation between the mass-transfer resistance and the total acidity of the samples as calculated from the ammonia TPD data. Thus, of the samples studied, mordenite and BETA zeolite presented the highest values for the mass-transfer resistance. According to the data listed in Table 1 , mordenite and BETA zeolite possessed the lowest Si/Al ratios which, in turn, led to the highest total acidity as measured by ammonia TPD. On the other hand, SAPO-41 and silicalite-1, with the lowest total acidities, exhibited the lowest mass-transfer resistances. Hence, the total acidity appears to play a key role in the kinetics for propene adsorption onto the zeolites and silicoaluminophosphate samples. It is worth highlighting that different types of acid sites, such as hydroxy groups in zeolites, strong Brönsted acid sites and/or Lewis acid sites, could lead to different interactions between the surface sites and the propene molecules and, hence, to different influences on the mass-transfer resistance. However, the influence of the nature of acid sites on propene adsorption kinetics is beyond the scope of this paper. In the case of silicalite-1, it has been previously reported (Lopez et al. 2010) that propene is mainly adsorbed inside the pore structure by physical interactions, leading to only a marginal role for chemical interactions in the mass-transfer restrictions, which would mainly account for the diffusion of the propene molecules into the pores. On the other hand, it was found that no clear trend could be established between the textural properties of the samples (BET surface area, total microporosity and narrow microporosity) and their mass-transfer resistances as obtained from the k P values. However, restrictions on the diffusion of the propene molecules into the pores cannot be ruled out in the case of the mordenite sample, as was found for nitrogen molecules in measurements of the total microporosity by adsorption studies at -196 ºC. According to Meier and Olsen (1992) , mordenite is an MOR framework zeolite with a one-dimensional system of large channels (12-ring, 6.5 × 7.0 Å) lined with so-called side-pockets which have an aperture of ca. 4.8 × 3.7 Å, with these side-pockets being separated by restrictions of 2.6 × 5.7 Å dimensions. Hence, it may be assumed that the presence of such pore restrictions together with the large channels could lead to a significant increase in the mass-transfer resistance during propene adsorption at 30 ºC. However, it is also possible that these pores should not be included in the total propene adsorption capacity of the adsorbent due to the small size of the propene molecule. In the case of the 3D zeolites, the masstransfer resistance did not seem to be directly related to their pore sizes. Thus, BETA zeolite, which contains two different pore openings with dimensions of 5.5 Å × 5.5 Å and 7.6 Å × 6.4 Å, respectively, showed a higher mass-transfer resistance than ZSM-5, with a similar topology to BETA but with smaller pore sizes, viz. 5.3 Å × 5.6 Å. A similar conclusion may be reached for the silicoaluminophosphates. Thus, of the samples studied, SAPO-41 with a channel pore size of 4.3 Å × 7.0 Å presented the lowest value of the mass-transfer resistance, while SAPO-5 with a wider channel pore size of 7.3 Å showed an intermediate value. Consequently, it may be assumed that molecular-sieve effects do not occur during propene adsorption onto 3D zeolites and 1D silicoaluminophosphates at 30 ºC.
As mentioned above, values of the external mass resistance, k f , were calculated from the Sh, Sc and Re numbers. These parameters are directly related to the experimental conditions, such as the flow rate, the temperature and the particle size. It was observed that, under the experimental conditions employed in the present work, the external mass-transfer resistance was always lower than the intra-particle resistance. Thus, it may be concluded that, under the conditions employed, both the linear gas velocity and the particle size had no influence on the dynamic adsorption process; hence intra-particle mass transfer was the rate-limiting step in the kinetics of propene adsorption.
One of the two processes occurring in intra-particle mass transfer, viz. intra-particle diffusion in the pore system, differs from one solid to another. This process predominantly occurs through a combination of Knudsen and surface diffusion which, in turn, mainly depend on the average pore size and the adsorbate/surface interactions, respectively (Wakao and Funazkri 1978; Huang and Fair 1988) . The other process taken into account in intra-particle mass-transfer is molecular diffusion of the adsorbate in the gaseous phase. The molecular and Knudsen diffusivity coefficients can be calculated via different theoretical expressions such as equations (8) and (9). These values may be subsequently related to the effective diffusivity via equation (7) to obtain the surface diffusivity values. All these parameters are collected in Table 4 for the different solids and propene inlet concentrations employed in the present study.
Firstly, these parameters can be used to calculate the relative contribution to the internal masstransfer restrictions of both intra-particle diffusion in the pore system and molecular diffusion of the adsorbate in the gaseous phase. From a comparison of these values, it was concluded that intraparticle diffusion in the pore system was the rate-limiting step in the adsorption kinetics. Secondly, as mentioned above, Knudsen and surface diffusion are the two processes which account for intraparticle diffusion in the pore system. Accordingly, Figure 5 shows the contribution of each of these two terms to the kinetic restrictions for all the samples studied at the different propene concentrations employed. It will be seen that both terms had a relevant influence on the diffusion restrictions. However, the Knudsen term was not dependent on the propene concentration and had a similar value for all the solids studied, since such diffusion depends only on the pore radius [equation (9)] and the pores sizes of all the solids studied were in the micropore range. Thus, the surface diffusivity resistance seems to arise from the differences in the intra-particle diffusion in the pore system of each solid. The surface diffusion coefficients are listed in Table 4 from which it is seen that all the samples exhibited an inverse relationship between the total acidity and these coefficients. Hence, a direct relationship existed between the contribution of the surface diffusion term to the intra-particle diffusion in the pore system and the total acidity. In addition, it may be observed that an inverse relation also existed between the propene concentration values and the surface diffusivity coefficients. An increase in the adsorbate concentration led to an increase in the surface resistance to diffusion, probably due to the decrease in chemical interaction between the active sites and propene molecules. If the data listed in Tables 1 and 4 are compared, it will be observed that whilst silicalite-1 and SAPO-41 with the lowest total acidity showed the highest surface diffusivity coefficients, mordenite and BETA zeolite with the highest total acidity showed the lowest surface diffusivity coefficients. The influence of the total acidity on the surface diffusivity term leads to the conclusion that Knudsen diffusivity was the sole rate-limiting step in propene adsorption onto SAPO-41 and silicalite-1 at high initial propene concentrations. This could be due to the fact that samples SAPO-41 and silicalite-1 exhibited low or zero total acidity. Hence, it may be concluded that, although propene adsorption did not occur solely via surface processes (since the Knudsen diffusion term is involved in the mass-transfer restriction), surface diffusion is the key process controlling the rate of adsorption of propene.
Selection of a potential adsorbent for HCs traps
The general finding for different HCs traps is that whilst the heavier exhaust HCs (e.g. aromatics such as toluene) are adequately trapped by zeolites in many of the proposed systems (even in the presence of 10% steam), the light HCs components of the exhaust stream, such as propene, often desorb from the HCs trap before the catalyst has attained its light-off temperature (Baek et al. 2004; Burke et al. 2003; Iliyas et al. 2007) . Thus, although a high propene adsorption capacity is essential, a remaining challenge in the development of HCs traps is to increase the temperature at which propene is released from the zeolite and to determine what are the key parameters controlling the retention of propene under cold start conditions. From an analysis of the propene adsorption isotherms and breakthrough curves on the six materials under study, it may be concluded that for the possible application of zeolites and/or silicoaluminophosphates as propene traps it is necessary to develop materials which simultaneously present (i) a high equilibrium propene adsorption capacity at 30 ºC and (ii) kinetic restrictions. According to the results described above, BETA zeolite exhibited the highest calculated value of W L , corresponding to the highest adsorption capacity under the test conditions employed. This could be related to the fact that this zeolite possessed the widest framework, a higher S BET value and total microporosity, together with the introduction of acidity by the substitution of Al and the introduction of extra-framework cations in the structure. On the other hand, silicalite-1 and SAPO-41 were solids which possessed a lower adsorption capacity, probably due to the total absence or reduced presence of substitution in their frameworks and low microporosity, respectively. As far as the kinetic restrictions to propene adsorption in the solids studied are concerned, the mass-transfer resistance was found to be mainly influenced by the total acidity produced by atomic substitution in the framework. The solids that showed a higher total acidity and, hence, mass-transfer resistance were mordenite and BETA zeolite, while SAPO-41 and silicalite-1 showed the lowest values. Thus, it may be concluded that although none of the adsorbents met all of the requirements previously mentioned simultaneously, zeolite BETA presented the best balance between them.
CONCLUSIONS
Propene adsorption isotherms for six different zeolites and silicoaluminophosphates have been obtained in the present study and the kinetics of the process have been studied via breakthrough curve modelling. From an analysis of the results, it may be concluded that the requirements for a propene trap under cold start conditions are: (i) a high equilibrium propene adsorption capacity at 30 ºC to enable propene adsorption under the initial conditions and (ii) kinetic restrictions to reduce the extent of desorption when the temperature of the system is increased. The best performance with respect to the first requirement was provided by BETA zeolite, which may be associated with its optimum structural parameters of a wide framework, high S BET value and total microporosity value together with the introduction of Al and extra-framework cations into the structure. On the other hand, the best performance with respect to kinetic restrictions to propene adsorption by mass-transfer resistance was provided by mordenite and BETA zeolite. The optimum compositional parameter for attaining this aim is increasing the total acidity by atomic substitution in the framework.
